Luminous bacteria in seawater around the islands of Bahrain are predominantly Vibrio harveyi and have the capability to adhere to artificial fibrous surfaces. Phytoplankton did not appear to have any specific relationship with luminous bacteria, but macroalgae were shown to possess an enhanced concentration of luminous bacteria.
The counting of luminous colony forming units (CFU) on spread plates, soft-agar pour plates and plated filters has been used to enumerate total luminous bacteria and individual luminous bacterial species (1-9, 11, 12) . Nearshore seawater commonly has amounts of luminous bacteria ranging from undetectable levels to 38 bacteria per ml (1-4, 6, 7, 9, 11, 12) . Differences in temperature (3, 6, 8, 10, 11) , salinity (1, 6, 10, 11) , and light (10) have been correlated to the population densities of particular species of luminous bacteria in seawater. It has been shown that luminous bacteria live in (guts, light organs, and lesions) or on (skin and gills) marine animals and that these constitute a reservoir for the release of luminous bacteria into seawater (2) (3) (4) (5) . This report describes a previously unrecognized type of association of luminous bacteria with algae discovered in the seawater around Bahrain.
During the study period (September 1989 to June 1990), the waters of the Arabian (Persian) Gulf around the islands of Bahrain were warm (20 to 33°C), and they possessed a moderately high salinity (42 to 70%o). The luminous bacteria were isolated monthly by spreading 0.1-ml samples of seawater onto a glycerol-based marine agar (GMA [0.3% glycerol, 0.5% peptone, 0.1% yeast extract, and 1.5% agar in 50% seawater; pH 7.5]) in triplicate. The 50% artificial seawater contained 15 g of NaCl, 1.5 g of MgSO4, 1.2 g of MgCl2, and 0.38 g of KCl per liter. A preliminary study showed that media of this salinity produced the largest number of total and luminous colonies. All the isolates (n = 18) appeared to be strains of Vibrio harveyi, as determined by identification using the following phenotypic traits: gram stain, oxidase, catalase, luciferase kinetics, API 20E reactions (Analytab Products, Plainview, N.Y.), hydrolases (agarase, chitinase, lipase, gelatinase, and amylase), and permissive growth temperatures (4, 25, 37, and 45°C) .
Sterile cellulose nitrate filters were also used to determine the luminous-bacterium titer; the seawater samples were collected in sterile bottles, which were transported to the lab, and 1 to 3 ml of seawater was filtered through 47-mmdiameter, 0.45-,um-pore-size Millipore filters (in duplicate or triplicate) and placed directly onto GMA plates. The May 1990] . The data for the 12-,um Nuclepore filter are the averages of values for two samples.) In these experiments, the sample seawater, after passing through the first filter, was filtered through 0.45-pum filters to count the number of bacteria that had passed through the first filters. In all the experiments, no luminous bacteria were recovered from the 0.45-p.m filtrate by using 0.2-p.m-pore-size Millipore filters. Because Millipore filters are fiber-mat filters whereas the Nuclepore filters consist of a thin polycarbonate membrane with discrete pores, it was hypothesized that the luminous bacteria adhered to the Millipore filters despite being smaller than the effective pore size of the filter.
To test for adherence of luminous bacteria to the filters, sterile filters were placed for various periods of time into both seawater in the field and seawater samples brought to the laboratory, prior to being plated on GMA plates. Suspending 0.2-p.m to 8-p.m Millipore filters in seawater for 10 min resulted in two observations (Table 1) : (i) a greater number of luminous bacteria attached to Millipore filters with the larger pore size, and (ii) the distribution of bacteria on the filters with a smaller pore size (tight weave) was uneven, with a large percentage of bacteria on the flayed edges (less tight weave) rather than uniformly covering the flat surface of the filter.
Attachment of luminous bacteria to filters was dependent upon the time of immersion of the filters (Fig. 1 ). Figure 1 also shows that luminous bacteria attach better to Whatman no. 1 filters (55-mm diameter) than to Millipore filters (47-mm diameter). The number of bacteria attached at zero time (in-and-out immersion) is equal to the number of luminous bacteria in the water that is absorbed into the initially dry filter as it is immersed in seawater. Further, on filters of both types, an even distribution of bacteria was observed.
Luminous bacteria also attached to the edges of immersed sterile Nuclepore filters and were evenly distributed over Whatman glass fiber filters (GF/C) with or without ashing. However, no attachment to glass slides that had been APPL. ENvIRON. MICROBIOL. (Table 2) . Stirring, however, did increase the number of luminous bacteria attached.
Because luminous bacteria associated with these artificial fibrous surfaces, we tested whether naturally occurring surfaces of plankton and macroalgae possessed attached luminous bacteria. Plankton was sampled by pouring 5 liters of freshly collected seawater through a nylon plankton net (10-pum mesh size) previously sterilized with ethanol and rinsed copiously with sterile, filtered seawater. Plankton had slightly more total viable bacterial CFU and luminousbacterium CFU than did seawater (Table 3) . To further characterize the association of luminous bacteria with plankton, plankton taken from 5-liter samples of seawater was used to inoculate Terasaki plates (2 ,ul of sample per well). Each plate was kept in a sterile humid Table 4 shows that diatoms and detritus possessed no exceptional association with culturable luminous bacteria:
only 5 (7.7%) of the 95 diatom-containing wells also possessed at least one luminous bacterium, which is comparable to the result for the wells containing detritus (10.3%). Thus, these values were only two to three times higher than the number of wells containing no noticeable particles that also possessed luminous bacteria (3.7%).
Assuming that each luminous well resulted from the inoculation of one luminous bacterium, the Terasaki experiment can be used to quantitatively estimate the luminousbacterium titer by dividing the number of luminous wells by the total volume of the wells inoculated in the experiment. This Terasaki luminous titer is the same as or only slightly lower than the luminous titer of the seawater as estimated from filter CFU on GMA (Tables 3 and 4 ). This suggests that the luminous wells must have been inoculated with >1 luminous bacterium per 2-ptl sample, since the plankton water sample had 9.3 to 113 times more luminous bacteria (Table 3) .
The association of luminous bacteria with macroalgae was tested by taking fresh algal samples from several locations and placing them (filaments or frond sections) directly onto GMA after washing the algae with sterile seawater on sterile filter assemblies. The plated samples were then overlaid with molten (45°C) glycerol-based marine soft agar. In five algae (Acanthophora spicifera, a Chaetomorpha sp., Colpomenia sinuosa, an Enteromorpha sp., and Ulva lactuca), fronds and filaments demonstrated vivid luminescence, but no luminous bacteria were detected on Sacronema filiforne and few were found on Caulerpa sertulanoides and a Polysiphonia sp. The luminous-bacterium titer was determined by collecting algal samples and then weighing out subgram quantities after washing and blotting with sterile Whatman filter paper. The average luminous-bacterium titer was around 1.1 x 103 (+0.45 x 103; range, 500 to 2,000) luminous bacteria per g of macroalgae.
Adherence of luminous bacteria to the artificial fibrous surfaces depends upon the tightness of weave. It had been noted earlier that 40 to 90% of luminous bacteria (both V.
harveyi and Vibrio fischeri) in nearshore environments in southern California were retained by 8-p.m Millipore filters (7a) . Thus, it appears that luminous bacteria possess the 
